T. Anderson, C. Arcini, S. Anda, A. Tangerud, and G. Robertsen This work is being carried out in advance of extensions to the public library and has been made possible by funds from Trondheim Council. The excavation of the cemetery, supervised by Hans G6thberg, is still in progress, and what follows is a preliminary report based on the skeletal material from the 1984 season. The purpose of this paper is to publish evidence for what we consider to be endemic syphilis in sixteenth-century Trondheim, to comment on the standard of living of the town's inhabitants, and also to discuss possible methods by which syphilis could have spread through Norway. MATERIAL We have based our conclusions on the following observations and X-ray findings ( These bones, as well as all the other human skeletal material from the excavation, are stored at the University Museum in Trondheim.
HARRIS LINES
We have observed the Harris lines of the X-rayed skeletons and we consider that no significant conclusions can be determined from these.
DIAGNOSIS
The most obvious pathological change in the three affected skeletons, the swelling and striation of their tibiae, is compatible with a treponemal infection.5'6 In our opinion, the changes in the tibiae together with the further pathological evidence from the other long bones and the cervical vertebrae are diagnostic of a treponemal disease. This view is supported by X-ray findings. Consideration has been given to various differential interpretations. The absence of cloacae or sequestra argues against a non-specific pyogenic infection, as does the bilateral nature ofthe reaction. The generalized nature ofthe disease as well as the lack of femoral involvement suggests that it is not Garre's sclerosing osteomyelitis.7
Primary neoplastic growths of the bone, such as osteosarcoma and Ewing's sarcoma, are not bilateral phenomena. Multiple bone metastases can be excluded due to their different X-ray appearance, as can histiocytosis X, polyostotic fibrous dysplasia and osteitis deformans (Paget's disease).1 2
Certain infectious diseases in their early stages may cause a general osteitic reaction before they manifest their more typical characteristics. Tuberculosis, however, is an unlikely diagnosis as there is no evidence of any joint changes and also the tibial shafts are affected rather than the metaphyses.8 The right tibia of Skeleton 5 is fifty per cent heavier than a control medieval tibia of similar size (Sk 51). This would argue against osseous tuberculosis, which is typified by bone resorption. The advanced sclerotic bone deposition would also rule out leprosy, because the latter is typified by a mild osteitis or "hazy bone destruction".9
The possibility of the diaphyseal swelling being due to a vitamin deficiency was also considered. If rickets had caused the tibial changes, one would also expect a similar reaction in the femora. X-rays have shown the latter to be normal. Scurvy is not a very likely possibility since there is no sign of ante-mortem costal fractures.8 Nor have the three skeletons suffered any serious in vivo tooth loss, which would be suggestive of avitaminosis C.10
The reported pathology could be caused by one or more until now unknown or unrecognized diseases; however, this possibility does not seem very likely. Thus, we believe that the presented pathological skeletons, although showing varying degrees of osseous involvement, are all suffering from chronic treponemal bone changes.
TREPONEMAL INFECTIONS
Treponemal infections can occur in four different forms: yaws, pinta, endemic syphilis (treponarid), and venereal syphilis. The first two ofthese would not be found in Scandinavia, due to their geographical distribution.8"11 Therefore, it is safe to assume that the bone changes are the result ofsyphilis. It is generally thought that the lesions in acquired syphilis (venereal or congenital) and the endemic form are so similar that it may not be possible to differentiate between them.4
SYPHILIS-VENEREAL OR ENDEMIC?
Sclerotic thickening of the tibiae as well as the bony spurs on the cervical vertebrae may be typical of syphilis but cannot help to distinguish between the acquired and the 7C. Garre, 'Ueber besondere Formen und Folgezustande der akuten infekti6sen Osteomyelitis', Beitr. klin. Chir., 1893, 10: 257-276.
Suspected endemic syphilis (treponarid) in sixteenth-century Norway endemic form. However, venereal syphilis often attacks the skull with typical caries sicca lesions.12,13,14 As the skulls of the three reported pathological skeletons are all normal, this may be an indication that we are dealing with an endemic form ofsyphilis. The absence, in all ninety-five skeletons, of Charcot joints, which can develop in acquired syphilis due to tabes dorsalis, supports the view that an endemic form of syphilis was present. Also, skeleton 5, a juvenile, can hardly have developed bone changes due to venereal syphilis so soon after puberty. It would appear unlikely that the presented skeletons were suffering from congenital syphilis, which is normally recognized by small multiple destructive lesions on the skull, and also by the presence of Hutchinson's teeth. The fact that the skulls are normal, and the absence of any dental stigmata on the very well-preserved teeth, argue against a congenital form of syphilis.
This leads us to the conclusion that the presented skeletons were probably suffering from endemic syphilis. The ulna is reported to be a more common site of infection in endemic than in acquired syphilis. 
347
T. Anderson, C. Arcini, S. Anda, A. Tangerud, and G. Robertsen
The next report of probable syphilis in Norway was published some 200 years later, referring to "radesyken", which apparently represented a non-venereal form of the disease.18 The symptoms of radesyken were mainly ulcerations of the throat and the nasal area, and sores on the arms and the legs.18 Public officials and special radesyke-doctors were instructed to give reports on the disease, which seems to have been prevalent in the rural southwest ofNorway where the living conditions during this period were extremely poor. The Originally, it was thought that none ofthe burials could be later than 1559, for it was Suspected endemic syphilis (treponarid) in sixteenth-century Norway then that the church passed into private hands.23 However, it would appear that occasional interments still took place in the northern part of the cemetery. Indeed, the grave of Sk 5 actually cuts through the 1598 fire layer and cannot be earlier than the beginning of the seventeenth century. Thus, these skeletons show that syphilis was prevalent in sixteenth-as well as seventeenth-century Trondheim.
ARCHAEOLOGY AND OSTEOLOGY
The archaeological evidence also suggests a rather impoverished population. Despite very good conditions of preservation, in which not only the wood, but also certain soft tissues, including brains have survived, there are no traces of any coffins from the fifteenth, sixteenth, or seventeenth centuries. This may be related to the fact that we are excavating on the north side of the church, which was regarded as being the least auspicious area in which to be buried, and as such would often be the last resting-place for the poorer sections of the population. Of course, rather than being local inhabitants, the three sufferers may have been sick pilgrims who had visited Trondheim in vain.
The osteological evidence, based on the ninety-five skeletons excavated in 1984, has shown that about eighty-five per cent of the population reached adulthood. Males outnumbered females by 7:4 and only twenty-one per cent ofthe total population lived beyond the age of thirty-five.
ENDEMIC SYPHILIS IN NORWAY?
The presented evidence suggests that many of the inhabitants of sixteenth-century Trondheim were rather poor and may have been susceptible to infectious diseases, including endemic syphilis. Endemic syphilis is now only prevalent in subtropical regions with warm and arid climates. Yet it must be remembered that previously, similar non-venereal forms of syphilis were reported from other parts of northern Europe, "Sibbens" in Scotland, "Button Scurvy" in Ireland, "Saltfluss" in Sweden, as well as "Radesyken" in Norway. Indeed, some authors consider that endemic syphilis was quite common in pre-Columbian Europe.24 In view ofthis evidence, there appears to be no reason why an impoverished section of a sixteenth-century Norwegian population, displaying syphilitic bone changes, should not have been suffering from treponarid infection. CONCLUSION We have drawn our conclusion from the observed pathology in the reported skeletons, supported by X-rays. Although Hackett,4 a leading contemporary authority on syphilis, considers the documented changes as being on trial rather than diagnostic of treponemal infection, we still maintain that the reported pathology, combined with the apparent incidence of the lesions, suggests that we are dealing with an endemic form of syphilis. The fact that none of the 260 skeletons excavated in 1985 from the twelfth to the fifteenth century displays the same pathology may indicate that the disease was not present in Trondheim until the sixteenth century. 
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T. Anderson, C. Arcini, S. Anda, A. Tangerud, and G. Robertsen As far as we know, endemic syphilis, although suspected of being present, has not actually been reported from this period in any part of Europe. Consequently, if our conclusion is correct, this finding is of great importance. It is to be hoped that further osteological and medical studies, including work on the preserved brains and analysis of soil samples, will tell us even more about the way in which people lived and died in later-medieval Trondheim.
